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Sunday, February 8, 2015 57abinding is abrogated by saturating amounts ofmaltose.MBP has a bi-lobed struc-
ture; the lobes close up upon ligand binding into the domain cleft. Competitive
inhibition by Ficoll70 could result from the crowder preferentially binding either
to the open cleft, thus rendering the protein incompetent formaltose binding, or to
the closed cleft, thus blocking maltose from the binding site. To distinguish be-
tween these two possibilities, herewe introducedMBPhingemutations that result
in cleft closure and enhancement ofmaltose binding affinity.With the closuremu-
tants, MBP-Ficoll70 interactions would be expected to weaken in the open-cleft
binding scenario but to be unperturbed or even strengthened in the closed-cleft
binding scenario. Our data indicate a modest increase in Ficoll70 binding affinity
for a closuremutant, thus supporting the closed-cleft binding scenario. A panel of
mutants with varying degrees of cleft closure is being studied to validate the
observation. Our study will provide new insight into the nonrandom nature of
weak protein-crowder interactions in cellular environments.
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Calmodulin (CaM) is a ubiquitous calcium-binding protein that is integral to a
variety of cellular functions including memory, immune response, and cardiac
muscle contraction. Although CaM has no intrinsic enzyme activity, it binds
and subsequently regulates hundreds of enzymes and ion channels in response
to changes in cytosolic Ca2þ concentration. Missense mutations in CaM have
recently been identified in individuals with symptoms of catecholaminageric
polymorphic ventricular tachycardia (CPVT), a type of cardiac arrhythmia.
The mechanisms behind the effects of these mutations remain unknown. We
have purified and characterized the CaM mutants N54I and N98S in terms of
their Ca2þ affinity and kinetics, as well as their interaction with the CaM-
binding domain of the cardiac ryanodine receptor (RYR2).
In agreement with previous studies, the steady-state Ca2þ sensitivity for CaM
N54I was not different from WT CaM, while CaM N98S had decreased C-ter-
minal Ca2þ sensitivity. Consistent with the C-terminal Ca2þ sensitivities, the
C-terminal Ca2þ dissociation rate for N54I was not different from WT CaM,
while N98S had an order of magnitude faster Ca2þ dissociation rate. In the
presence of the RYR2 peptide, the C-terminal Ca2þ dissociation rate for
N98S was two orders of magnitude faster than WT, while that of N53I was
not changed. However, in the presence of the RYR2 peptide, both N-terminal
Ca2þ dissociation rates were two-fold faster than WT. Thus a defective N-ter-
minal CaM-RYR2 interaction may be the root cause of CPVT induced by these
mutations. These studies will help to elucidate the mechanism by which CaM
mutations cause cardiac arrhythmias, paving the way for the development of
therapeutic calmodulins to treat cardiac disease.
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Lipoylation Mechanism of P. Falciparum Mitochondrial Proteins
Alfredo J. Guerra, Gustavo A. Afandor, Russell P. Swift, Sean T. Prigge.
MMI, JHSPH, Baltimore, MD, USA.
Lipoate is an essential cofactor for the aerobic metabolism in oxidative decar-
boxylation reactions of 2-oxoacid complexes. Malaria parasite survival is
highly dependent on scavenging this essential cofactor from the human host.
Scavenged lipoate is subsequently attached to the a-ketoglutarate dehydroge-
nase (KDH), the branched chain a-ketoacid dehydrogenase (BCDH), and the
H-protein of the Glycine cleavage system. Previous studies have shown that
these three lipoylated enzymes reside in the mitochondrion. PfLipL1, the lip-
oate ligase, also localizes to the mitochondrion and catalyzes the lipoylation
of the H-protein. However, LipL1 alone is incapable of lipoylating the
BCDH and KDH. The lipoylation of these proteins occurs through a novel
mechanism requiring both LipL1 and a previously uncharacterized enzyme,
LipL2. Additionally, this mechanism is sensitive to redox conditions. Under
strong reducing conditions BCDH and KDH are exclusively lipoylated whereas
lipoylation of the H-protein requires less reducing conditions. In this work we
characterize the interactions of LipL1 with the small molecules necessary for
protein lipoylation. Furthermore, progress toward a structural characterization
of the LipL1-LipL2 interaction will be explored.
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Capsaicin, the active component of chili peppers, is commonly used to add
spice ‘‘heat’’ to food products. In topical pharmaceutical preparations, it isused as analgesic agent. It is known to elicit its pharmacological effects by
binding to the transient receptor potential cation channel subfamily member
1 (TRPV1) which is also known as capsaicin receptor and vanilloid receptor
1. The recent development in electron cryo-microscopy allowed for the
structural characterization of TRPV1. We used the information provided
by the electron density map of TRPV1 to define and validate the capsaicin
binding pocket and generate a reliable pose. The essential amino acid residues
that are affecting the ion channel affinity to capsaicinoids were identified by
extensive exploration of multiple docking poses of capsaicin and capsaicin-
like compounds. TRPV1 structure does not provide information about the
active site waters, we mapped the potential waters using thermodynamic
studies.
Protein Dynamic and Allostery I
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According to the MWC model, cooperativity is due to the equilibrium between
the lower affinity T form and the higher affinity R form at the beginning and
end of oxygen binding isotherm. The model disregards the energy barrier
necessary for preventing the T and R forms relaxing into a single conformation
system. Also, the difference between the binding Gibbs free energy of the two
affinities at pH 9.0 is DG¼2000 cal/mole. It means that at equilibrium the en-
ergy level of the T form increases by 2.0 Kcal/mole. This increase is inconsis-
tent with the zero sum of heat exchanges needed for equilibriums. To solve
these problems we tested the response of the isotherm to osmotic pressure,
heat, and protein concentration. Osmotic stress reveals a higher volume/surface
ratio of the T form, suggesting a more spherical shape. Increasing protein con-
centration decreases the oxygen affinity of the system indicating formation of
transient polymeric forms, with low oxygen affinity. Enthalpies of the interme-
diates show a strong absorption of heat at the third oxygenation step. This is the
heat necessary for polymerizing tetrameric Hb into quinary structures, as in the
fibers of HbS, The net absorption and release of heat, of the enthalpies of
the conformational changes, is a negative DG¼-2000 cal/mole, reflecting the
degradation of the quinary polymers into the quaternary T and R forms. This
heat released to the system compensates to zero the energy absorbed by the
T form upon deoxygenation. It should be stressed that the high energy level
of polymeric intermediates is the energy barrier preventing the direct relaxation
of the T and R conformations into one another. This molecular mechanics ex-
plains the cooperativity of oxygen binding isotherm.
288-Pos Board B68
Role of Ionic Strength and the Bohr Effect in Modulating Thermodynamic
Profiles Associated with Co Escape in Rice Non-Symbiotic Hemoglobin 1
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Rice hemoglobin (rHb1) is a type 1 non-symbiotic hemoglobin (nsHb1), which
is found in plants and which is evolutionarily related to leghemoglobins and
truncated hemoglobins. It is structurally similar to vertebrate heme proteins,
containing Fe-protoporphyrin IX and the classic 3-over-3 globin fold. Unlike
other hexacoordinate heme proteins found in plants, the ligand binding proper-
ties of nsHb1 proteins make it unlikely to be involved in nitrogen fixation or
oxygen transport. We have characterized ligand migration upon CO photore-
lease from rHb1 under various conditions in order to elucidate functional
role(s) of rHb1 in vivo. Using photoacoustic calorimetry, we have determined
thermodynamic parameters (DH and DV) for CO photorelease from wild type
rHb1 and a distal histidine to leucine (H74L) mutant taking place within ~ 5 ms
after ligand photo-dissociation. Under stripped conditions, we observe a strong
temperature dependence of the observed parameters. Photorelease of CO from
the wild type protein below 16C is associated with DH ¼ 28.7 5 2.2 kcal
mol1 and DV ¼ 4.3 5 0.4 mL mol1, while above 16C we observe DH ¼
9.75 3.4 kcal mol1 and DV¼ 0.45 0.7 mL mol1. This temperature depen-
dence is not observed in the H74L mutant, in the presence of 500 mM NaCl, or
at pH 6. We have also determined rate constants and quantum yields for bimo-
lecular rebinding of CO using transient absorption spectroscopy, both of which
increase with temperature. The contributions of electrostriction, proton uptake
by Bohr groups, oligomerization state, and the distal residue of rHb1 to the
observed kinetic and thermodynamic parameters will be discussed. We will
58a Sunday, February 8, 2015also discuss ligand migration pathways and protein dynamics upon CO photo-
release in rHb1.
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The ‘‘caged’’ state of hemoglobin (Hb) and cobalt-substituted Hb (Co-Hb) is
produced by cryogenic photolysis of respective hemoproteins at 4.2K [1-4].
The ‘‘caged’’ state of oxy-Hb and oxy-CoHb, in which the heme-oxygen
bond is broken and the un-bonded oxygen is trapped in or near the heme pocket
within the globin moiety, with spectral features distinct from those of either
deoxy- or ligated states of respective hemoproteins, is the critical transition
state in the regulation of the oxygen-affinity of Hb and CoHb. The oxygen-
affinity of Hb is regulated by heterotropic effectors without detectable changes
in either static quaternary/tertiary molecular structures of the protein or the
coordination/electronic structures of the hemes and, thus, without changes in
the oxygen-affinity of the heme Fe itself [5,6,8]. The reduction of the apparent
oxygen-affinity of Hb may be caused by increase in the dissociation rate of
oxygen from the ‘‘caged’’ state, resulting from effector-linked, enhanced
high-frequency thermal fluctuations [6-8], which may simultaneously reduce
the rate of geminate-recombination of oxygen to hemes. Thus, the oxygen-
affinity of Hb is regulated by protein dynamics, rather than static structural
changes. Thus, the ‘‘caged’’ state of Hb is the pivotal point in regulation of
the affinity for small diatomic ligands such as oxygen, CO, and NO of Hb
and Co-Hb [8].
References: [1] Yonetani, et al., Oxidases & Related Redox Systems, Vol. I, ed.
T.E. King et al. (1973) pp. 401-405; [2] Iizuka, et al., BBA 351 (1974) 182-195;
[3] Iizuka, et al., BBA 371(1974) 126-139; [4] Yonetani, et al., JBC 249 (1974)
2168-2174; [5] Yonetani, et al., JBC 277 (2002) 34508-34520; [6] Yonetani &
Laberge, BBA 1784 (2008) 1146-1158; [7] Laberge & Yonetani, Biophys. J. 94
(2008) 2737-2751; [8] Yonetani & Kanaori, BBA 1834 (2013) 1873-1884.
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The F0F1-ATPase is a complex nanomotor that synthesizes nearly 90% of the
ATP made during cellular respiration. It consists of two coupled rotary motors:
an integral membrane complex driven by proton flow across lipid bilayers (F0)
and an enzymatic complex that converts ADP and inorganic phosphate to ATP
(F1). The rotational portion of these motors acts as a camshaft, inducing confor-
mational changes that lead toATP synthesis in theF1motor’s three functional cat-
alytic sites. The F1 motor can perform ATP synthesis in the absence of F0, and it
canalsowork in reverse, hydrolyzingATP to pumpprotons against an established
gradient. Over the last 30 years many important aspects of this motor’s function
have been elucidated by careful biochemical work and further understood by
clever biophysical experiments. However, there is still not a complete, quantita-
tive description of the whole thermodynamic cycle—one that fully describes the
interactions between all three separate catalytic sites and accounts for the need to
exchange ATP (found abundantly) for the relatively sparse ADP. In the current
work, we are using both molecular dynamics simulations and dynamic Monte
Carlo methods to build a quantitative model of F1-ATPase function.
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Resonance Raman, transient absorption and vibrational coherence spectros-
copies are used to investigate the mechanisms of NO and O2 binding to
Tt-HNOX and its P115A mutant. Vibrational Coherence spectra of the oxy-
complexes provide a clear evidence for the activation of an iron-histidine
mode around 217 cm1 following photoexcitation, indicating that O2 dissoci-
ates in both proteins. The quantum yield of O2 photolysis is very low, particu-
larly in the wild type. Geminate recombination of O2 and NO in both proteins is
very fast and highly efficient. This indicates that the distal heme pocket in these
proteins is tightly packed, and forms an efficient trap, preventing the bound
ligand from escaping into the solvent upon thermal dissociation. This, along
with the the stabilization of the Fe-O2 bond, explains the unusually high O2
affinity in Tt H-NOX and its P115A mutant.292-Pos Board B72
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Nonribosomal peptide synthetases (NRPSs) are modular, multi-domain, enzy-
matic assembly lines that combine simple substrates to synthesize complex
natural products (e.g. penicillin, bacitracin, yersiniabactin). Substrates are
each covalently attached to so-called carrier proteins (CP) via a post-
translationally introduced phosphopantetheine arm. CPs present the substrates
to catalytic domains in a series of transient, sequential domain/domain and
domain/substrate interactions during biosynthesis. Thus, understanding the
mechanism of NRPS assembly line synthesis necessitates both characterizing
fleeting molecular interactions and unraveling the molecular determinants for
the directionality of these interactions. Unfortunately, the large molecular
weight of NRPS domains, the presence of dynamics between domains and
within domains, and the lability of tethered substrates have precluded studying
these processes at the molecular level. Here, we present methods that permitted
us to overcome these limitations and we discuss our findings. First, by exploit-
ing the non-invasive nature of NMR we found that chemical substrates interact
with their carrier proteins and these interactions may modulate domain commu-
nication to provide directionality. Second, we present a method that facilitates
resonance assignments in large proteins. By applying covariance to conven-
tional spectra, simplified correlation maps permit to identify sequential residues
or to assign side-chain resonances with a simple visual inspection. Hence, res-
onances of 37 kDa and 53 kDa NRPS domains could be assigned unambigu-
ously, enabling us to describe molecular signatures of transient interactions
involving these domains.
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SpA-N is the N-terminal half of Staphylococcal protein A and it is composed of
five protein binding domains. The five domains could bind to antibody, TNFR1
and von Willebrand factor and facilitate the evasion of Staphylococcus aureus
into the human immune system. The functional plasticity is suggested to be the
result of structural flexibility. Heteronuclear spin relaxation experiments
demonstrated that the five domains of SpA-N are connected by four flexible
linkers. In order to obtain additional dynamic information, we constructed a
di-domain mimic of SpA-N with a lanthanide binding tag and measured resid-
ual dipolar couplings (RDCs). The di-domain construct can bind lanthanide
ions and consequently be aligned in the presence of a strong magnetic field.
By using different combinations of lanthanide ions and protein constructs,
we obtained two orthogonal alignments, which have enough information con-
tent to determine a model with maximally 10 parameters. In addition, we de-
signed a de novo method to extract dynamic information from RDCs. Instead
of determining conventional structure ensembles, our method determines an
inter-domain orientation distribution to describe the structure of a flexible pro-
tein using continuous probability distributions. By using continuous models,
orientation distributions can be parameterized by a small number of variables
and still remain general enough to describe a broad spectrum of inter-domain
motions. As a result, the method can avoid the over-fitting problem even
with sparse data. Because no force field is applied, the generated distribution
is purely determined by RDC data and least biased. Using the method, we deter-
mined the inter-domain orientation distribution of the di-domain construct with
only two orthogonal alignments. A strong correlation was observed in the dis-
tribution and conformations were well populated in a limited region.
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Scaffold proteins form a dynamic framework to organize signal transduction by
conjoining modular protein-binding domains. Scaffolds contain folded do-
mains that are well understood but also disordered regions, which provide a
